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Editorial Preface 
This series of "Jül-Spec'' reports is intended to the presen-
tation of detailed and extensive informations in the field 
of Environmental Specimen Banking (ESB). Primarily, the 
reports will be in close relation to the research program 
of the "Institute of Applied Physical Chemistry" within the 
frame of the current ESB-program in the Federal Republic of 
Germany. Therefore, a substantial part will be dedicated to 
results and discussions of these activities covering the 
strategies and techniques for collection, preparation and 
long-term storage of numerous environmental specimens. More-
over various modes of physical, physicochemical and chemical 
methods for the characterization of research and reference 
materials will be presented including investigations for a 
better understanding of transportation and degradation pro-
cesses determining the fate of inorganic, organemetallic 
and organic compounds. Finally, contributions addressing the 
scientific and logistic basis of the entire ESB-program will 
be integrated, particularly dealing with ecological, biolo-
gical, geochemical and monitaring aspects in order to provide 
additional and important background informations. 
Jül-Spec-330 (1985) "Studies for Homogenization of samples 
at low temperatures with regard to the parameters required 
for the Environmental Specimen Bank" may be regarded as the 
first contribution, other technical and more general contri-
butions either written in German or English are in preparation 
and will appear in the near future. 
Juelich, March 1986 
Markus Stoeppler and Hans Werner Dürbeck 

Zersetzungs- und Stabilitätsstudien für Methylquecksilber in 
Wasser 
Zusammenfassung 
Es wurde die Langzeitstabilität von Hg+ 2 und Methylquecksilber-
chlorid (MeHgCl) sowie der Abbau von MeHgCl unter verschiedenen 
Bedingungen untersucht. 
Die Untersuchungen wurden mit starken Säuren (HCl, HN0 3 , H2so4 , 
HCl0 4 ) und Natriumhydroxid mit und ohne Zusatz bestimmter Reagen-
tien (NaCl, H2o2 , L-Cystein) bei Raum- und erhöhten Temperatu-
ren, in der Dunkelheit und bei Licht (UV) durchgeführt. Für die 
Stabilitätsstudien wurden Gefäßmaterialien aus Borosilikatglas, 
Polyethylen und PTFE herangezogen. Als Nachweismethoden wurden 
Kaltdampf-AAS nach Anreicherung an Golddraht (Hg, überwiegend), 
aber auch Gas-Chromatographie mit Elektroneneinfangdetektoren 
(MeHgCl) sowie o-Spektrometrie, zur Aufklärung von Abbau und 
Reaktionsmechanismen mit Hilfe von 203 Hg, herangezogen. 
Die im Detail vorgestellten Ergebnisse zeigen, daß unter Licht-
ausschluß bis zu Säuregehalten von 25 % kaum ein Abbau von 
MeHgCl in Hg+ 2 stattfindet. Unter UV-Bestrahlung erfolgt je-
doch abhängig von deren Intensität ein rascher Abbau des 
MeHgCl zu Hg+ 2 . In Gegenwart von SH-Gruppen (L-Cystein) wurde 
eine teilweise Stabilisierung und Maskierung von Quecksilber 
beobachtet. Für die Langzeitlagerung wäßriger Lösungen von 
+2 Hg und MeHgCl ist neben dem Zusatz geeigneter Reagentien 
vor allem das Gefäßmaterial wichtig. Am günstigsten sind 
Glas und Quarz, weil sie sowohl Verluste als auch Kontamination 
verhindern. 
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Decomposition and Stability Studies of Methylmercury in Water 
Summary 
+2 Long-term stability of Hg and MeHgCl, and decomposition of 
MeHgCl under different conditions are investig~ted. Studies 
were done with acids (HCl, HN03 , H2so4 , HC10 4 ) and sodium 
hydroxide with and without adding different reagents (NaCl, 
H2o2 , L-Cystein) at room and higher temperatures with and 
without UV-light. For the stability studies container materi-
als used were of Boresilicate glass, polyethylene and PTFE. 
Measurements were done using mostly cold vapour AAS after 
preconcentration on gold wool, but also Gas-Liquid-Chromato-
graphy with Electron capture detector and ~-spectrometry 
were used to understand the decomposition and reaction mecha-
nisms by labelling with 203 Hg. The given detailed results 
show that in the absence of light MeHgCl does not decompose 
to Hg+ 2 even in the presence of 25 % acids. MeHgCl is also 
not easily decomposed by heating in the presence of low acid 
concentrations. But with UV-light decomposition of MeHgCl 
+2 
to Hg takes place immediately depending upon the intensity 
of UV-light. In the presence of SH-groups (L-cystein) partial 
stability and complexation of mercury was observed. For long 
term storage of Hg and MeHgCl at low concentrations, in addi-
tion to certain reagents, the material of the container is 
also important. Glass and quartz containers are better as 
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Mercury and organomercury compounds particularly methylmercury 
are well known for their toxic properties and thus are impor-
tant environmental pollutants (1). Much work has been done for 
the analysis of mercury and methylmercury (2,3). Most hitherto 
published papers on the analysis of methylmercury are about the 
analysis of methylmercury in fish samples (3), because the 
mercury present in fish is predominantly methylmercury (4,5). 
Fish in water can accumulate methylmercury several orders of 
magnitude more than the concentration of mercury or methyl-
mercury in water. Studies have been done about the decomposition 
of methylmercury in fish samples using higher concentrations 
of acids (6,7). With the availability of new and more sensitive 
analytical techniques, the interest for the analysis of mer-
cury and methylmercury in water has increased (8,9). For the 
decomposition and measurement of methylmercury in aqueous 
samples one cannot use as high concentrations of acids as for 
fish samples due to the extremely low concentrations of mer-
cury in water. Consequently large volumes of water are required 
for analysis. Therefore a need was felt to do decomposition 
studies of methylmercury in water using acid concentrations 
which can practically be used for water analysis. 
It has been reported that atomic mercury can be taken up into 
the cystein disulfide bridges of proteins (10). It has also 
been reported that sulfhydryl compounds (L-cystein) act as an 
effective photosensitizer for photochemical methylation of in-
organic mercury (11). There is a possibility of mercury en-
tering the biosphere as a Hg-cystein complex (12). Keeping in 
view the above points and considering the possibility of the 
presence of sulfhydryl compounds in environmental compartments 
particularly sea water and rain water etc.; it looked appro-
priate to investigate the behaviour of methlymercury regarding 
its decomposition in the presence of cystein which is a typical 
sulfhydryl compound. 
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Much work has been published about the stability of ionic mer-
cury in solutions (13-17). Very little is known, however, about 
the stability of methylmercury in aqueous systems (18-20). 
Hardly there is any reference available about the stability of 
methylmercury in aqueous systems close to natural levels of 
mercury and methylmercury. Therefore in this study long term 
stability has been investigated for methylmercury in the pre-
sence of different reagents. This also included stability 
studies in containers of different types of materials. 
3.1 Aim and Framewerk of the Investigation 
Methylmercury is much more toxic than ionic mercury and is 
mostly found in food (fishes etc.) thus is of particular signi-
ficance in environmental pollution. 
There is much controversy about the methylation and demethyla-
tion of mercury in different compartments of the environment 
(21). Causes for the presence of high amounts of methylmercury 
in fishes are still not completely known. Although the mercury 
source for fishes is sea water, but sea water contains only 
spurious amounts of methylmercury. Actually the behaviour of 
MM in aqueous systems at low levels is still not sufficiently 
elucidated. In this work relatively low levels of MM were 
used (range 0.005 to 1.0 1ug/l MM) and this investigation was 
done to see: 
1. The behaviour of MM in water, when exposed to light, heat 
and in the presence of different reagents. 
2. The effect of sulfhydryl compounds (L-cystein) on the decom-
position, stability and measurement of MM in water. 
3. Decomposition studies of MM in water by heating with acids 
under low pressures. 
4. Long-term stability studies of MM at low levels in aqueous 
systems in different types of container materials. 
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4. EXPERIMENTAL 
eHEMieALS: All the acids used i.e., Hel, HN03 , Helo4 , H2so4 
were of suprapur grade from E. Merck, BRD. Nael, L-cystein, 
sne1 2 + H2so4 , methylmercury, HgO, H2o 2 , Na 2so4 , NaOH, Sodium 
acetate, Toluene were of p.a. grade from E. Merck. Labelled 
methylmercury (1mei = 37 x 106 Bq) was from Amersham, U.K. 
APPARATUS: Pyrex glass flasks, quartz glass flasks, cylinders, 
beakers, pipettes, digestion vessels of quartz glass, micro-
pipettes, N2 gas cylinders etc.; UV-lamp for decomposition 
studies was of 150 w. 
An Atomic Absorption Spectrometer, Model 400, manufacturer Bo-
denseewerk Perkin-Elmer, BRD, with a mercury vapour lamp at 
0.2 A/15 V as a light source, wave-length = 253.7 nm, slit 
width = 2.0 nm was used. The mercury reduction vessel was of 
pyrex glass with a volume of 1 litre. Additional equipment was 
a Recorder SE 120, Goertz Metrawatt, BRD. The automatic hea-
ting and gas-flow control system used was of own design, 
constructed by the workshop of Dr. Beerwald, Bochum BRD. 
A gas-liquid chromatograph, Model 5710 equipped with an 
electron capture detector, manufacturer Hewlett Packard U.S.A., 
was used for the measurement of methylmercury. Other conditions 
were adjusted as given under (5,22). 
column : 20 % carbowax with gas chrom Q 80 - 100 mesh, with 
i.D. = 3 mm, length = 1.5 meter, gas flow rate 60 ml/min 
Injection Temp. = 200 oe 
eolumn. Temp. = 160 oe 
Detector Temp. = 300 oe 
Retention time for MM 4.0 minutes. 
Multichannel Analyzer Series 80 of eanberra U.S.A. with software 
eanberra Spectron F Version V2 D1 computer PDP 11/03 with 64 K 
Memory was used. Other parameters selected were 
203 Hg = 279 KeV 






143 3 cm 
2.0 keV 
25.5% at 1.33 MeV (Co-60) 
500 seconds. 
CVAAS-PROCEDURE: 50 ml of (10 % SnC1 2 + 20 % H2so4 ) Solution 
was taken in the reduction vessel. A known volume of the 
sample usually from 0.001 to 1.0 ng/ml Hg was added. N2 gas 
was passed through this solution at a rate of 2.0 to 2.5 
1/minute for one minute and mercury vapours are taken away 
by N2 , which is at first passed through 25 % NaOH solution 
and then distilled water to absorb acid vapours and other 
soluble impurities and then mercury vapours are deposited on 
gold wool kept in a quartz glas tube. Then the flow of N2 
through the reduction vessel is stopped and is passed through 
gold wool only at a rate of 50 - 100 ml per minute. At the 
same time the gold wool is heated to 700 - 800 °C. Mercury 
vapours deposited on the gold wool are evaporated and allowed 
to travel through the quartz glass cuvette where the concen-
tration of mercury as vapours is measured. After the measure-
ment of the sample a known amount of standard solution is 
added to the same solution and measured. The gold wool is 
heated for 10 seconds and in order to increase the rate of 
determinations it is cooled with pressurized air so that the 
system is ready for the next measurement. Apparatus and proce-
dure have been mentioned already (23) and will be described 
together with all recent modifications in detail elsewhere 
( 2 4) • 
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5. RESULTS AND DISCUSSIONS 
5.1 Precision and linearity of the applied method 
The CVAAS method of cold vapour Atomic Absorption Spectrophoto-
metry developed in this laboratory has a detection limit 
~0.1 ng/1 for (100 ml) water samples. The relative standard 
deviation for the analysis of mercury at 1 ng levels (absolute) 
is (5 %. It has a wide linearity range i.e., from 0.1 ng to 
10 ng mercury concentrations (fig-1). Mercury concentrations 
used for the experiments were from 0.005 to 1.0 1ug/l of Hg. 
In this method the solution used for the reduction of ionic 
Hg to atomic Hg was 10 % SnC1 2 + 20 % H2so4 and it was found 
that this solution did not decompose methylmercury (MM) under 
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Hg Cng) --> 
Fig. 1: Linearity curve for the analysis of Hg by CVAAS 
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5.2 Decomposition of MM in the presence of different reagents 
and effects of UV-irradiation 
5.2.1 Stability of MM during storage and measurement of ionic 
Hg by CVAAS 
To investigate the possibility of analysis of ionic mercury in 
the presence of methylmercury three solution were prepared 
containing ionic mercury, ionic Hg + MM (Methylmercury) and 
ionic mercury + MM + 0.05 % cystein in pyrex glass flasks 
covered with Al-foil and measured over a period of ten days. 
It was found that methlymercury was quite stable in solutions 
and did not decompose at all during the reduction step for the 
analysis of ionic mercury (Table-1). 
Table. 1: Analysis of ionic Hg by CVAAS in the presence of Methylmercury (~~) 
Hq (ng/ml) After (days) 
Sample Reagents Added. 0.0 d 3.0 d 4.0 d 7.0 d 
0 (2) 5 % HCl + 0.38 ng/ml Hg o. 36 0. 36 0.36 0. 36 
5 ( 2) 5 % HCl + 0.38 ng/ml Hg + 
0. 70 ng/ml MM o. 36 0.36 0. 36 o. 41 
6 (2) 5 % HCl + 0.05 % cystein + 
0.38 ng/ml Hg+ 0.70 ng/ml MM 0.39 0. 40 0.40 0. 40 
Samples were prepared in pyrex glass flasks covered with Al-foil 
5.2.2 Decomposition of MM in the presence of NaCl + HCl in 





Reagents like NaCl and HCl have been and are being extensively 
used and are added to different environmental samples for ex-
traction of methylmercury by organic compounds (Toluene, ben-
zene) and subsequent analysis of MM by Gas Chromatography. De-
composition studies of MM in the presence of these reagents 
in pyrex glass flasks covered with Al-foil were done (fig-2). 
Higher concentrations of HCl or of NaCl alone do not decompose 
MM so quickly, but when 15 % NaCl + 2.2 M HCl is added, it 
decomposes MM up to 40 % within one day and this very combina-
tion has been extensively used for extraction/separation of 
MM (25). It can be seen from fig. 2 that in the presence of 
1 1 
these reagents losses of MM may take place if more time is 















1.03 ng/ml MM + ,1(15%NaC1+0.2N HCI) 
2(15%NaCI+2.2N HCil,3(15%NaCI+5.0NHCI) 





Fig. 2: Oecomposition of ~ in pyrex g!ass flasks covered with 
Al-foil. 
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5.2.3 Decomposition of MM in the presence of NaCl + HCl and 
light in quartz glass flasks 
Decomposition studies of MM in the presence of NaCl and HCl in 
quartz glass flasks kept as such in the laboratory were also 
done. It can be seen from fig-3 that decomposition of MM is 
very rapid and in the presence of 15 % NaCl + 2.2 N HCl, com-
pletely the MM decomposes in less than 4 hours. This rapid de-
composition of MM is only due to UV-light which passes through 
quartz glass very easily and at day time comes into the labo-
ratory through diffused sun light. 
To study the effect of UV-light on the decomposition of MM 
in the presence of NaCl and HCl different solutions were 
prepared in quartz glass flasks and exposed to UV-light 
(Table-2). As can be seen from Table-2, MM decomposes comple-




























Decomposition of ~~ 
Reagents Added 
15.0 % Na Cl 
50.0 % HCl 
15.0 % Na Cl + 1 % 
15.0 % Na Cl + 5 % 
15 .o % NaCl + 10 % 
15.0 % Na Cl + 20 % 
15.0 % Na Cl + 30 % 






































































NaCl with UV-light 
Hg measured (ng/ml) 
Without uv 20 min uv 
0.003 1 . 03 
0.006 1 .04 
0.016 1.05 
0.013 1 .06 
0.045 1 .08 
0.016 1 .03 
0.016 1 .09 
0.013 1.06 
5.2.4 Decornposition of MM in the presence of NaOH and UV-light 
Salutions with different concentrations of NaOH were prepared 
and exposed to UV-light (fig-4). MM is not so quickly decornposed 
with UV in the presence of NaOH as in the presence of HCl or 
NaCl. Decornposition of MM is less at lower concentrations of 
NaOH. 
Table 3: Decomposition studies of MM in the presence of different acids without and with UV 
Hg (ng/ml) measured without UV after Hg(ng/ml) 
Sample Reagents added 0.0 1 . 0 2.0 3.0 4 .o with MM(ng/ml) 
No. days days day:s days days uv added 
1 10.0 % conc. HCl + 2.5 % conc. HN0 3 0.02 0.02 - 0.05 - 1 .04 1 .03 
2 20.0 % conc. HCl + 5.0 % conc. HN03 0.03 0.03 - 0.05 - 1 .02 1.03 
3 5.0 % conc. HCl +20.0 % conc. HN03 0.03 0.03 - 0.05 - 0.74 1 . 03 
4 2.0 % conco HCl0 4+10o0 % conco HN03 0.02 0.01 - 0.02 - 0.61 1. 03 
5 4o0 % conco HClo 4+20.0 % conc. HN0 3 0.02 0.01 - 0.02 - 0.58 1.03 
6 - 0.04 0.08 0.09 - - 1 . 01 1.03 
7 1oO% conco H2so4 0.04 0.07 0.09 - - 0. 98 1 0 03 
8 2o0 % conco H2so4 0.04 0.07 0.09 - - 0.99 1. 03 
9 3.0 % conco H2so4 0.04 0.09 0. 12 - - 1 . 01 1.03 
10 5.0 % conco H2so4 0.04 0. 11 0. 14 - - 1 . 01 1.03 
--> 
w 
11 1oO% conco HClo4 0.06 0.08 0.09 - - 1 0 02 1.03 
1 2 2.0 % conc. HC10 4 0.10 0. 11 0. 13 - - 1 .08 1. 03 
13 5o0 % conco HC104 0.06 0.06 0.08 - - 1.02 1.03 
14 10.0 % conco HC104 0.06 0.06 0.08 - - 1 .03 1 .03 
1 5 15o0 % NaCl 0.003 - - - - 1.03 1 . 03 
16 50.0 % conco HCl Oo006 - - - - 1.04 1 o03 
17 15o0 % NaCl + 1 % cono HCl 0.016 - - - - 1 .05 1. 03 
18 1.0% conco HN03 0.05 0.05 - - 0.04 1 .00 1. 03 
1 9 2o0 % conco HN03 0.05 0.04 - - 0.04 0.94 1.03 
20 5.0 % conco HN03 0.05 0.05 - - 0.04 0. 7 5 1.03 
21 10.0 % conco HN0 3 0.05 0.05 - - 0.04 Oo57 1. 03 
22 20.0 % conco HN03 0.05 0.05 - - 0.04 0. 48 1.03 
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5.2.5 Stability and Decomposition of MM in the presence of 
different acids and UV-light 
Experiments were done for the decomposition of MM in the pre-
sence of different acids and of combinations of acids (table-3) 
which are frequently used in different ways for trace analysis 
of mercury in environmental samples. It was found that 1 to 5 % 
H2so4 alone did not decompose MM for 2 days, but decomposed MM 
immediately when exposed to UV-light. 1 to 10 % HClo 4 did not 
decompose MM for 2 days, but decomposed MM immediately when ex-
posed to UV-light. 10 % HCl + 2.5 % HN0 3 , 20 % HCl + 5.0 % HN03 , 
5 % HCl + 20 % HN0 3 , 2 % HC10 4 + 10 % HN03 , 4 % HC10 4 + 20 % 
HN0 3 did not decompose MM for three days without UV. In the 
presence of 1 to 20 % HN0 3 no decomposition of MM takes place 
up to 4 days, but decomposition appears in the presence of 
UV-light. Complete decomposition 'of MM takes place in the 
presence of UV light only up to 2 % HN03 concentration. In 
the presence of higher concentrations of HN0 3 , MM does not 
decompose completely even in the presence of UV-light. 
5.2.6 Stability and decomposition of MM in the presence of 
HN0 3 and UV 
Commonly HN0 3 is added to aqueous environmental samples par-
ticularly sea water for the stability of ionic Hg. Experiments 
were done for stability of MM in the presence of 3 % NaCl and 
1 to 20 % HN03 . NaCl was added taking into consideration that 
many environmental samples contain NaCl. As can be seen from 
table-4 MM is quite stable in the presence of NaCl and up to 
Table 4: Stability of MM in the presence of NaCl + HNO 
' 3 
Days 2 3 4 5 6 
o.o 0.10 0.10 0.10 0.10 0.10 0.10 
0. 25 0.06 0.05 0.06 0.06 0.07 0.04 
1.00 0.06 0.06 0.05 0.06 0.06 0.05 
4.00 0.09 0.08 0.07 0.07 0.08 0.08 
21.00 0.08 0.08 0.07 0.08 0.10 0.04 
40.00 0.10 0.09 0.09 0.10 0.15 0.03 
1 3.0 % Na Cl + 1 .o % HN0 3 + 1 .03 ng/ml MM 
2 3 .o % Na Cl + 2.0 % HN0 3 + 1 .03 ng/ml MH 
3 3.0 % Na Cl + 5.0 % HN0 3 + 1 .03 ng/ml M.M 
4 3.0 % NaCl +10.0 % HN0 3 + 1 .03 ng/ml M.M 
5 3 .o % Na Cl +20.0 % HN0 3 + 1 .03 ng/ml MM 
6 3.0 % Na Cl + + 1 .03 ng/ml MM 
1 5 
20 % of HN0 3 up to 40 days. For decomposition studies of.MM 
in the presence of higher concentrations of HN03 , samples 
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Fig, 5: Oecomposition studies of ~~in the ~resence of HNO) 
and UV-light, 
1.03ng/ml MM + ,1(!.0% HN03J 
2(10.0% HN03J,3(25.0% HN03l 
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F1g. 6: Decomposition studies of MM in the presence of HNOJ 
a.nd UV-irradiation. 
Decomposition of MM decreases with increase in HN03 concen~ 
tration and it is very difficult to decompose MM when the 
HN0 3 concentration is more than 25 %. In the presence of 
NaCl and HN03 the rate of decomposition increases as com-
pared to HN03 alone (fig.6). For example for one hour UV-
irradiatio~ only 50 % MM is decomposed in the presence of 
20 % HN0 3 alone, but when 5 % NaCl is added more than 90 % 
of MM is decomposed (fig.7). Addition of NaCl to HN0 3 is 
16 
rnore effective for the decornposition of MM with UV. After 
20 rninute UV-irradiation nearly 55 % MM is decomposed in the 
f 10 % HNO + 2.5 % HCl and nearly 85 % MM is decom-presence o 3 










(!.03ng/ml MM +5.0~NaCJ)+,lC!.0~HN03) 
,2C5.0~HN03),3(10.0%HN03),4(20.0~HN03) 
SC!.03ng/ml MM+2.5%HC1+10.0~HN03) 
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Fig. 7: Effect of chlorides an the decomposition studies of 
MM in the presence of HN0 3 and UV-light. 
5.2.7 Decomposition of MM in the presence of acids and H2o2 
Decomposition experirnents of MM in the presence of different 
acids and H2o2 were also done. In the presence of 1 % H2o2 and 
different concentrations of acids i.e., 0.25 M to 2.0 M of HCl, 
HN0 3 , H2so 4 and HC10 4 the percentage of MM decornposed rernains 
the sarne (fig. 8). Increasing acid concentration does not in-
crease the decornposition of MM. Nearly 17 % of MM is decornposed 
in the presence of 1.0% H2o2 and different concentrations of 
HCl, 70% of MM is decornposed in the presence of 1.0% H2o2 and 
different concentrations of HN03 , 55 % of MM is decomposed in 
the presence of 1.0% H2o2 and different concentrations of 
H2so4 , 51 % of MM is decornposed in the presence of 1.0% H2o2 
and different concentrations of HCl0 4 . For the decornposition 
of MM in the presence of H2o2 the rate of decomposition in-




<20.6ng/l MM+I.0~H202l + 
I<HC1l,2<HN03l,3<H2504l,4CHCL04l 
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.5 1 l. 5 
Flc1dsCN) --> 
Fig. 8: Oecomposition studies of ~~ in the presence of H2o 2 
and different concentrations of acids. 
But when the acid concentration is kept constant and H2o 2 con-
centration is increased, then the decomposition of MM increases 
with the increase in H2o 2 concentration (fig. 9). The rates of 
increase in MM decomposition in the presence of HCl and H2so 4 
are comparable and rates of increase in MM decomposition in 











20.6ng/1 MM + ,1<!.0N HCll 
2<1.0N HN03l,3(1.0N H2504l 
4 ( I • 0N HC I 04 l 
Fig. 9: Oecomposition studies of MM in the presence of acids and 
different concentrations of H2o 2 . 
Tab1e 5: Decomposition studies of MM in the presence of acids and H2o2 
Hg(ng/1) measured after treatment with 
Measured MM(ng/1) 0.5N HC1+ 1 .ON HC1+ 2.0N HC1+ 1 .ON HC1+ 1 .ON HC1+ 1 .ON HC1+ 1 .ON HC1+ 
after added. 1 .0% H2o2 1 .0% H2o2 1 .0% H2o2 
0.5% H2o2 1 .0% H2o2 
2.0% H2o2 4.0% H2o2 
0.0 days 20.6 4.98 3.27 2.47 1 . 3 5 3.35 12. 18 14.98 
1. 0 days 20.6 3.61 2.95 3.28 1.14 3.02 5.75 13.00 
3.0 days 20.6 3.76 2.76 5.37 1 . 48 3.10 5.45 12. 10 
UV-irrad. 20.6 21 . 7 6 20.72 20.83 20.63 21 . 7 9 22.09 29.29 
0.5N HN0 3 1 .ON HN0 3 2.0N HN0 3 1 .ON HN0 3 
1 .ON HN0 3 1 .ON HN0 3 1 .ON HN0 3 
1 . 0% H2o2 1 . 0% H2o2 1 . 0% H2o2 0.5% H2o2 1 .0% H2o2 
2.0% H2o2 4.0% H2o2 
0.0 days 20.6 12.94 14.35 11 . 9 5 9.61 12.53 18.27 19.62 
1 .0 days 20.6 1 3. 10 14.64 15.44 10.82 13. 16 18.62 19.23 
3.0 days 20.6 14.39 14.49 14.20 10.08 13.61 16.44 19. 1 3 
UV-irrad. 20.6 24.47 29. 10 27.98 22.94 28.24 3 6. 1 9 41 . 59 
_. 
(X> 
0.5N H2so4 1.0N H2so4 2.0N H2so4 1.0N H2so4 1.0N H2so4 1.0N H2so4 1.0N H2so4 1.0% H2o2 1.0% H2o2 1.0% H2o2 0.5% H2o2 1.0% H2o2 2.0% H2o2 4.0% H2o2 
0.0 days 20.6 11 • 06 10.4 6 12.44 6. 17 10.80 1 5. 51 26.65 
1 .0 days 20.6 1 2. 31 13.38 13.50 7.82 13.72 23.61 43.79 
3.0 days 20.6 1 2. 1 6 1 1 . 1 4 10.27 7.45 10.86 14.02 1 9. 16 
0.23NHC104 0.58NHC104 1.16NHC104 1.16NHC104 1.16NHC104 1.16NHC104 1.16NHC104 1.0% H2o2 1.0% H2o2 1.0% H2o2 0.2% H2o2 0.5% H2o2 1.0% H20 2 2.0% H20 2 
0.0 days 20.6 9.68 11.29 10.38 6.58 7.07 10.59 16.90 
1. 0 days 20.6 7.31 10.97 8.83 6. 18 6.35 9.45 15.21 
2.0 days 20.6 7.28 8.34 9.44 6.36 7. 10 11 . 05 16.40 
UV-irrad. 20.6 25.29 27.46 28.85 23.48 25.20 33.85 35.86 
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Decomposition of MM in the presence of acids and H2o 2 takes 
place immediately and does not increase for langer reaction 
times (Table-5). As can be seen from Table-5 no increase in 
MM decomposition takes place even if the reaction mixture is 
allowed to stand for three days. 
5.3 Effect of acids and heating on the decomposition of MM 
~~ is very sensitive to UV-light and decomposes immediately in 
the presence 0f UV-light, but on the contrary, it is very stable 
upon heating. MM does not decompose at all when heated for 2 1/2 
hrs. at 80 °e in the presence of 1 to 5 % Hel, 1 to 5 % HN03 
and 5 % Nael and even without any addition (Table-6). Even very 
little MM decomposed when heated at 200 °e in closed quartz 
vessels (26) under slight overpressure for 1 hour in the pre-
sence of 50 % HN03 and 40 % HN0 3 + 10 % Helo4 (Table-7). MM 
only decomposed in the presence of 100 % HN03 or 90 % HN03 + 
10 % Helo 4 when heated at 200 °e under slight pressure for 
1 hour. However, for the decomposition of MM in water samples 
it is impossible to add 100 % acids or even 50 % acids because 
of the low concentration of Hg in water samples. Hence, it is 
difficult to apply pressure decomposition methods for the 
analysis of total Hg in water samples containing MM. 
Table 6: Decomposition of MM on heating at 80 °e in the pre-
sence of acids and Nael 
Hg(ng/ml) measured after 
S.No. Sample 1 (within 1 hour) 2 (heated at 80°C 
for 2.5 hrs) 
1) 1 .06 ng/ml Hg as MM + 1.0 % HCl 0.02 0.01 
2) 1.06 ng/ml Hg as MM + 5.0 % HCl 0.02 0.04 
3) 1.06 ng/ml Hg as MM + 1.0 % HN0 3 0.01 0.01 
4) 1.06 ng/ml Hg as MM + 5.0 % HN0 3 0.01 0.01 
5) 1 .06 ng/ml Hg as MM + 5.0 % NaCl 0.02 0.01 
6) 1.06 ng/ml Hg as MM 0.01 0.04 
Samples were prepared in pyrex glass flasks covered with Al-foil 
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Table 7: Decomposition of MM in the presence of acids und er pressure 
at 200 °e 
Hg as MM Digestion Hg-found % MM s. ng/ml decomposed No. Acids added added (ng/ml) time at 2oo 0 e (hrs) 
1 . so % conc. HN03 
o. 283 0.019 6. 7 
2. so % conc. HN0 3 
0.283 0.00 o.o 
3. 100 % conc. HN0 3 
0.283 0.282 99.6 
4. 100 % conc. HN0 3 
0.283 0.287 101.4 
s. 40 % conc. HN0 3 + 10 % conc. Hel04 
0.283 0.002 0.7 
6. 40 % conc. HN0 3 + 10 % conc. Hel0 4 
0.283 0.00 o.o 
7. 90 % conc. HN0 3 + 10 % conc. Hel0 4 
0.283 0.306 108.1 
8. 90 % conc. HN03 + 10 % conc. Helo 4 
0.283 0.267 94.3 
Studies were done for the decomposition of MM in the presence 
of 50 % HN03 and 40 % HN03 + 10 % HC10 4 and heating at 200 °C 
under slight overpressure for longer times. It was found that 
even on heating for 3 hrs. in the presence of 50 % HN03 only 
25 % MM was decomposed and on heating for 4 hrs. it decreased 
to 20 %, which may be due to some losses of Hg (fig. 10). It 
shows that more than 25 % MM is not decomposed in the presence 
of 50 % HN0 3 . When heated for 3 hrs. in the presence of 40 % 
HN03 + 10 % HCl04 only 34 % of MM was decomposed and on heating 
for 4 hrs it decreased to 29 %, which may be due to some losses 
of Hg (fig. 10). Therefore, it is difficult to decompose MM 












1.!34ng/ml MM + ,!(50~ HN03l 
2(40 ~ HN03+10 ~ HC104) 
Heated at 200 C under pressure 
2 3 
T1me(hrs.) --> 





5.4 Decomposition of MM in the presence of cystein and dif-
ferent reagents and effect of UV-irradiation 
It has been reported that humic substances and sulfhydryl com-
pounds are present in sediments, sea water and other compart-
ments of the environment. Cystein was selected for a case study 
to see the decomposition and analysis of MM as Hg in aqueous 
samples in the presence of this compound. 
5.4.1 Decomposition of MM in the presence of cystein and 
different reagents 
It can be seen that in the presence of 1 % HCl + 0.05 % cystein 
and UV-irradiation for 3 hrs only 52 % Hg decomposed to ionic 
form to be analysed by CVAAS and when allowed to stand for 3 
days it decreased to 22 % (Table-8). In the presence of 1 % 
HN03 + 0.05 % cystein and UV irradiation only 45 % Hg was found 
to be in ionic form and it decreased to 41 % on standing for 
3 days. In the presence of 5.0 % NaCl + 0.05 % cystein and UV 
irradiation only 69 % Hg was in ionic form and decreased to 
45 % on standing. Similarly in the presence of 0.05 % cystein 
only and UV-irradiation 53 % Hg was available and decreased 
to 47 % on standing for three days. 
Table 8: Decornposition of MM and analysis of Hg in the presence of different reagents 
cystein 
s. Hg (ng/rnl) measured after 
No. Sarnple within 1 hr. 3 hrs. uv 3 days 
% Hg % Hg 
1. 1 .03 ng/rnl MM+ 1 .0 % HCl 0.06 1 .01 98 0.93 90 
2. 1 .03 ng/rnl MM+ 1.0 % HN03 0.04 0.98 95 0.95 92 
3. 1 .03 ng/rnl MM + 5 .o % Na Cl 0.03 1 .01 98 1.01 98 
4. 1.03 ng/rnl MM + 0.03 0.99 96 1 .00 97 
5. 1.03 ng/rnl MM + 1.0 % HCl + 0.05 % cystein 0.04 0.54 52 0.23 22 
6. 1 .03 ng/rnl MM + 1.0 % HN0 3+ 0.05 % cystein 0.05 0.46 45 0. 42 41 
7. 1.03 ng/rnl MM + 5 .o % NaCl+ 0.05 % cystein 0.04 0.71 69 0. 46 45 
und 
8. 1 .03 ng/rnl MM + + 0.05 % cystein 0.04 0.55 53 0. 49 47.6 
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5. 4 .2 Decomposition of MM in the presence of cystein alone 
MM was exposed to UV-light for different times at two concen-
trations of cystein i.e., 0.01 % and 0.05% (fig. 11) ·At 
aval'lable 1'ncreased and then it first the amount of ionic Hg 
decreased when exposed for a longer period to UV. In the 
whole experiment the detectable mercury was more for 0.01 % 
cystein and less for 0.05 % cystein, but it was never 100 % 
and decreased to 64 % for 0.01 % cystein and to 14.6 % for 
0.05 % cystein. Thus losses for higher concentrations of 
















1 2 3 4 
UV.1r-r-aci.T1me(hr-s,) --> 
Fig. 11: Decomposition studies of ~M in the presence of 
cystein alone and UV-irradiation 
5.4.3 Decomposition of MM in the presence of NaCl + cystein 
As sea water and many other environmental samples contain NaCl, 
it was intended to investigate the decomposition of MM in the 
presence of 5 % NaCl. In this case also at first the detectable 
Hg increased and then decreased with longer UV-irradiation. But 
here the final detectable Hg was in opposite as against to 
cystein alone. For 0.01 % cystein it decreased to 11.6% and 
















1.03 ng/ml MM + 
IC5.0%NaCI+0,01%Cystetn) 
2C5.0%NaC1+0.05%Cystetn) 
Fig. 12: Oecomposition studies of MM in the presence of NaCl, 
cystein and UV-irradiation. 
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Decomposition of MM in the presence of cystein and dif-
ferent concentrations of HCl 
Decomposition studies of MM were done at different concentra-
tions of HCl and a constant concentration of cystein. The 
decomposition of MM is studied in the presence of 1 to 10 % 
HCl and 0.1 % cystein (fig. 13). In the case of 1.0% HCl, 
there is an increase in detectable Hg and then it decreases 
with increase in UV-irradiation time to 42 %. In the case of 
10 % HCl, however, there is an increase in detectable Hg with 




















1.03ng/ml MM + ,IC1.0%HC1l,2CI0.0%HC1l 
3C1.0%HC1+0.1%Cystetn) 
4C10.0%HC1+0.1%Cystetn) 
a SB 198 ISS 298 
UV. 1 r r ad • T 1 me < m 1,..,. ) -- > 
Fig. 13: Decomposition studies of MM in the presence of HCl, 
HCl + cystein and UV-irradiation. 
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Detectable Hg in the presence of 0.05 % cystein and different 
concentrations of HCl is shown in fig. 14 after UV-irradiation. 
Detectable Hg is at its rninirnurn at 2.0 M HCl which is 61 % 
of the total Hg and the ratio of cystein to HCl is 0.0025 at 
the rninirnurn. Towards lower and higher concentrations of HCl 
the detectable Hg increases. 









1.03 ng/ml MM+0.05 Y. Cystein 
UV-i~~adiation fo~ 90 min. 
_.1..-__ .. _ --~- - -- .._1_. __ -- ·--~- -- - _._~__.. _____ -----' 
3 ~ 5 s 7 
HCl (N) --> 
Fig. 14: Oecompos1tion of MM in the presence of different con-
centrat1ons of HCl, cystein and UV-light. 
5.4.5 Decornposition of MM in the presence of HCl and dif-
ferent concentrations of cystein 
In the presence of a constant concentraton of HCl and varying 
concentrations of cystein and after UV-irradiation at first 
the detectable rnercury decreases and then it increases (fig. 
15). Detectable rnercury is a rninirnurn at 0.2 M HCl and 0.005 % 
cystein which is 22 % of the total rnercury and the ratio of 
cystein to HCl is 0.0025 at the rninirnurn. Now the ratio of 
cystein to HCl rernains the sarne (fig. 14, 15) either the 
concentrattons of HCl or that of cystein are changed. Thus the 
rnaxirnurn rnercury goes into an by CVAAS undetectable form at 
a ratio of 0.0025 for cystein to HCl, which rneans that srnall 
additions of HCl to water sarnples which rnay contain cystein 












.as .1 .1s 
Cyste1n (%) --> 
Fig. 15: Oecomposition of MM in the presence of HCl and dif· 
ferent concentrations of cystein and UV-light. 
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In fig. 16 is shown that for 0.1 M HCl and different concen-
trations of cystein the detectable rnercury at first increases 
then decreases with the increase in UV-irradiation time. 
Finally the detectable rnercury by CVAAS for 0.01 % cystein 


















1 2 3 4 
UV. 1 rrad. T1 me (hrs.) --> 
Fiq. 16: Oecomposition studies of ~~in the presence of 0.1 M 
HCl, different concentrations of cystein and UV-light. 
In fig. 17 is shown that for 2.5 M HCl and different concen-
trations of cystein the detectable rnercury increases with the 















I 2 3 4 
UV. 1 r r ad. T 1 me ( h r s. ) -- > 
Fig. 17: Decomposition studies of MM .tn the presence of 2.5 M 
HCl, different concentrations of cystein and OV-light. 
From figs. 11,12,13 and 16 it can be seen that in the presence 
of cystein, the maximum for detectable mercury is reached 
after one hour UV-irradiation. With increase in UV-irradiation 
time, the amount of detectable Hg decreases. As it will be 
explained later this decrease in Hg is not due to the refor-
mation of MM, but possibly the formation of some sulfide, or 
other stable mercury compounds. 
5.4.6 Decomposition studies of MM in the presence of cystein, 
NaCl and HCl 
In fig. 18 a curve is shown for the decomposition of MM in the 
presence of cystein, NaCl and increasing concentrations of HCl. 
From this curve it can be seen that at 0.5 N HCl concentration 
the detectable Hg is at its minimum. At this minimum the 
cystein to HCl ratio is 0.008. If the concentration of NaCl 
is also added to HCl then the ratio of cystein to chloride 












1.03ng/ml+0.04 )( Cystetn ... 3·0~N' .. ct 
UV-trradiation for 150 mtn . 
1.5 
HC 1 ( N) -- > 
Fig. 18: Oecomposition of MM in the presence of cystein + NaCl 
at different concentrations of HCl and UV-light. 
5.4.7 Decomposition of MM in the presence of cystein and NaCl 
In fig. 19 is shown the curve for the decomposition of MM in 
the presence of NaCl and increasing concentrations of cystein. 
It can be seen that the minimum detectable Hg is at 0.01 % 
cystein and 4.0 % NaCl and the ratio of cystein to NaCl at the 
















1.07 ng/ml HH + 4.0% NaCI 
3.5 hrs UV-trradtatton 
Fiq. 19: Decomposition of MM in the presence of 4.0 ' NaCl and 
different concentrations of cystein and UV-light. 
0 
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But here the ratio is from 0.0025 to 0.0125. Therefore a wide 
range for losses of MM is obvious. Actually this may be a 
typical case for sea water which contains 3 - 5 % NaCl and 
different concentrations of humic substances that may cause 
losses of MM from sea water which may be the reason why very 
little or negligible MM is found in water samples as compared 
to biological materials. 
5.4.8 Decomposition of MM in the presence of cystein and 
. different concentrations of HN0 3 
In fig. 20 is shown the decomposition of MM in the presence of 
cystein at different concentrations of HN0 3 and·uv-irradiation. 
At lower concentrations of HN03 the detectable MM is less, 
then it increases. At about 1.4 N HN03 it is again at a mini-
mum, then it increases and then decreases. Decrease in decom-
position of MM at higher concentrations is mainly due to HN0 3 







1.03ng/ml MM+0.05 % Cystetn 





HN03 CN) --> 
Fig. 20: Decomposition of MM in the presence of cystein at 
different concentrations of HNo3 and UV-light. 
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5.4.9 Decomposition studies of MM in the presence of cystein 
and other reagents using Hg-203-labelled 
To see the disappearance of MM after its decomposition in the 
presence of cystein and different reagents, experiments were 
203 done using labelled MM as Hg (Table-9). Samples were uv-
irradiated for 2 hrs. then more HCl was added and extracted 
with toluene. In the presence of 2.0 % HN0 3 + 0.05 % cystein, 
30 % of the added MM was not decomposed, in the presence of 
5.0 % HN0 3 + 0.05 % cystein, 55 % of the added MM was not 
decomposed to ionic Hg. In the presence of 5 % NaCl + 0.05 % 
cystein more than 92 % MM was decomposed to ionic Hg. However, 
in the presence of 5 % HCl + 0.05 % cystein, 96 % MM was 
decomposed. In the presence of 0.005 % cystein only, nearly 
all the MM was decomposed and was in aqueous solution. 
Table 9: Decomposition studies of MM with activity measurements of MM labelled with 203 Hg 
s. Hg 20~activity measurement Hg(%) 
No. Sample (counts/min) 
1 2 3 4 
1 . Hg203 MM+ 2.0 % HN0 3 + 0.05 % cystein 10022 2756 30.55 69.45 
2. Hg203 MM+ 5.0 % HN03 + 0.05 % cystein 9676 4803 55. 11 44.89 
3. Hg203 MM+ 5.0 % HCl + 0.05 % cystein 10438 344 3.55 96.45 
4. Hg203 MM+ 5.0 % NaCl + 0.05 % cystein 10333 730 7. 89 92. 11 
6. Hg203 MM+ + 0.005% cystein 10998 36 o. 37 99.63 
1) = Total activity, (samples were UV-irradiated for 2 hrs and then more HCl was added and 
extracted with Toluene) 
2) = Activity in Toluene extract 
3) Hg in Toluene as MM 
4) Hg in Aq. Phase 
5.4.10 Decomposition studies of MM in the presence of cystein 
and other reagents using GLC 
In Table 10 the values of MM are given of MM recovered after its 
decomposition in the presence of cystein and different 
reagents and UV-irradiation. In the presence of HN0 3 + cystein 
some MM is recovered and was not decomposed. However, in the 
presence of HCl + cystein nearly all the MM was decomposed 
after UV-irradiation. 
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Table 10: Decomposition studies of :1.'1 by Gas-Liquid Chromatography 
Sample MM-added MM-Recovered % M!-1 Recovered 
ppm ppm 
MN + 0.5 % conc. HN0 3 + 0.01 % cystein 1 . 1 5 0.074 
5.83 
MM+ 1.0 % conc. HN0 3 + 0.01 % cystein 1 . 1 5 0.222 
17.48 
MM+ 2.0 % conc. HN0 3 + 0.01 % cystein 1 . 15 0.141 11.1 
MM+ 5.0 % conc. HN0 3 + 0.01 % cystein 1 . 15 0.334 26.30 
HN + o. 5 % conc. HCl + 0.01 % cystein 1 . 15 0.0 o.o 
MH + 1 .o % conc. HCl + 0.01 % cystein 1. 15 0.0 0.0 
MM + 2.0 % conc. HCl + 0.01 % cystein 1.15 0.0 0.0 
MM+ 5.0 % conc. HCl + 0.01 % cystein 1. 15 0.0 0.0 
standard 1. 15 1. 27 100 
20 ml of each of the samples 1 to 8 was exposed to UV-light for 2.5 hrs., than 5.0 ml of 
conc. HCl was added to each and extracted with 20 ml of Toluene and MM was analysed by GLC 
5.5 Stability studies of MM in the presence of different 
reagents and different containers 
5.5.1 Storage of ionic mercury 
Experiments were performed to see the losses during storage of 
mercury in pyrex glass flasks in the presence of 0.1 M HCl, 
0.1 M NaOH, 0.1 M HN03 , 5.0% NaCl and without addition of 
anything (fig. 21) . It can be seen that the rate of losses 
.9 
.8 0.75 ng/ml Hg+ ICB.IN HCll,2C0.1N NaOHl 
















8 18 28 38 48 
De.ys --> 
Fig. 21 : Leng-term storage studies of · · lOnlc Hg in the presence 
of HCl, HN03 , NaCl and NaOH 
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of Hg is minimum for HN03 followed by NaCl, HCl, NaOH and with-
out any addition. Thus best preservatives for ionic Hg for 
normal use are HN03) NaCl) HCl) NaOH. Now to understand a 
little bit about the losses of Hg from these solutions, the 
empty flasks were washed with HN0 3 to recover any adsorbed Hg 
on the walls of the flasks (Table-11). It can be seen from 
Table-11 that in case of 0.1 M HCl after a storage of 136 
days only 6.67% Hg was in dissolved form, 11.6% was adsorbed 
on the walls of the flasks and 81.7% Hg disappeared. In the 
case of 0.1 M NaOH, 2.67 %Hg was in solution, 7.01 %was 
adsorbed on the walls of the flask and 90.3 % Hg disappeared. 
For 0.1 M HN03 , 50.67 % Hg remained in solution, 4.62 %was 
adsorbed on the walls of the flasks and 44.71 %Hg disappeared. 
For 5.0% NaCl 45.33% Hg was in solution, 11.71 %was adsorbed 
on the walls of the flask and 42.95 % disappeared. In case of 
de-ionized water only 1.33% was in solution, 14.95% was 
adsorbed on the walls of the flask and 83.72% disappeared. 
Table 1 1 : Stability and losses of ionic Hg after storage period of 4.5 months 
Sample Reagents Total Hg/ Hg in solution Hg Recovered Tot. Hg Hg-Dis-
Added 250 ml After 4. 5 from the Walls after appear 
Added months of the flask 4. 5 
after 4. 5 months 
months 
ng ng ng ng % 
A 0.1 N HCl 187.5 12.50 21.82 34. 3 2 1 53. 18 
6.67 % 11.6 % (81. 7 
B o. 1 N NaOH 187.5 5.0 1 3. 15 18. 15 169.35 
2.67 % 7.01 % (90. 3 
c 0.1 N HN03 187.5 95.0 8.67 103.67 83.83 50.67 % 4.62 % ( 44.71 
D 5.0 % Na Cl 187.5 85.0 21.96 106.96 80.54 
E 
45.33 % 11.71 % ( 4 2. 95 
187.5 2.5 28.03 30.53 1 56. 97 
1 . 33 % 14.95 % (83. 72 
Due to these results the from storage point of view best 
reagents are: HN03 ) NaCl) HCl) NaOH) H20 only in the given 
order. HNo3 is the best and H2o only is the warst. 
From the point of view of mercury disappearance, mercury dis-
appeared from these solutions in the order: NaOH) H2o only > 
HCl) HN0
3
) NaCl. The maximum mercury disappeared from NaOH 







From the point of view of mercury adsorption on the walls of 
the flasks the order is: H20 only) NaCl > HCl > NaOH > HN03 o 
Maximum mercury was adsorbed on the walls of the flask without 
any addition, in the presence of chloride also enough mercury 
was adsorbed on the walls of the flasko Adsorption of mercury 
was minimum on the walls of the flask in the presence of HN0 3 o 
5o5o2 Stability studies of MM in pyrex glass flasks covered 
with Al-foil 
Stabi~ity studies of MM in pyrex glass flasks in the presence 
of different reagents were done for more than 60 dayso In the 
presence of water only (fig. 22) MM decomposed very rapidlyo 
More than 75 % MM decomposed within 10 days. Losses of total 
mercury were also significant but less than the rate of de-
composition of MMo Ionic mercury at first increased and then 
decreasedo 
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Fig. 22: Stability studies of MM in pyrex glass flasks 
covered with Al-foilo 
Decomposition of MM in the presence of 1o0% HCl was much less 
(figo 23) o The amount of MM decomposed was available as ionic 
















412.0 ng/1 MM + 1.0% Hel 
to,.,to ~ 
30 40 ~0 
Days --> s0 70 a0 
Fig. 23: Stability studies of MM in pyrex glass flasks 
covered with Al-foil. 
In fig. 24 is shown the stability of MM in the presence of 
10 % HCl. After two month's storage 10 % MM decomposed and was 
available as ionic mercury. But the amount of total mercury 













412.0 ng/1 MM+10.0 %Hel 
~~~----~0~-------------o to,.,tc Hg 
JB 40 50 SB 70 aa 
Days --> 
Fig. 24: Stability studies of MM in pyrex glass flasks 
covered with Al-foil. 
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412.0ng/l HH+I.0 % HN03 





Fig. 25: Stability studies of MM in pyrex glass flasks 
covered with Al-foil. 
With 1.0% H2so4 MM also did not decornpose (fig. 26) so 
quickly. After a storage period of 2 rnonths 87.3 % of MM 
was available, total rnercury Hg was 91.0% and as ionic 
rnercury 3.7 %was rneasured. 
li!l To1:.•l HG! 
• MM 
" I 3llll 
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8 19 29 38 49 59 
Days --> 79 88 
Fig. 26: Stability studies of MM in pyrex glass flasks 
covered with Al-foil. 
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In the presence of 3.0 % NaCl, the stability of MM (fig. 27) 
was like that of HCl with the only difference that ionic mer-
cury produced with decomposition of MM disappeared more rapidly 











412.0 ng/1 HH+3.0 ~ NaCI 
Fig. 27: Stability studies of MM in pyrex glass flasks 
covered with Al-foil. 
From these studies it can be concluded that MM decomposes very 
rapidly in the presence of water only but is quite stable in 
the presence of some acids or NaCl. 
5.5.3 Stability studies of MM in polyethylene bottles (250 ml) 
uneavered and covered without and with HCl 
MM decomposes very rapidly when no reagents are added (fig. 28). 
The only difference from glass flasks is that here ionic mer-
cury produced disappears more rapidly than in glass flasks. It 
also shows that the stability of MM in glass and polyethylene 
is nearly the same but lasses of ionic mercury take place 
much more rapidly from polyethylene bottles. The latter is 
due to reduction of ionic to metallic mercury on the surface 
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Fig. 28: Stability studies of MM in polyethylene bottles 
(250 ml) uncovered. 
In the presence of 1.0% HCl more than 91 % MM was present 
after a storage period of 22 days. But the ionic mercury 
produced dis-appeared more, therefore, there was decrease in 









• ~~taT Hg 
412.0ng/l MM+I.0% HCl 
Fig. 29: Stability studies of MM in polyethylene bottles 
(250 ml), uncovered. 
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For 10 % HCl the decomposition of MM was more rapid than for 
1 % HCl (fig. 30). After a storage period of 22 days about 
84 % MM was present. But the ionic mercury produced here did 
not disappear, therefore, the amount of total mercury nearly 
remained the same. In figs. 28-30, the polyethylene bottles 
were kept uncovered. The sarne experiments were repeated with 
polyethylene bottles covered with Al-foil (figs. 31-33) to 
see if there was any influence of light. As it can be seen 
frorn (figs. 31-33) no influence of light was observed. The 
reason may be that very little UV-light can pass through 
polyethylene bottles. 
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Fig. 30: Stability studies of ~~ in polyethylene bottles 
( 2 SO ml) , uneavered. 
412.0 ng/l 
Fig. 31: Stability studies of MM in polyethylene bottles 























4\2.0 ng/1 MM+\.0Y. HCI 
Fig. 32: stability studies of MM in polyethylene bottles 
(250 rnl), covered with Al-foil. 
Hg 
0 Total Hg 
4!2.0 ng/1 MM+\0.0% HCI 
lll 15 
Days --> 
Fig. 33: Stability of MM in polyethylene bottles (250 ml), 
covered wi th Al-foil. 
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~.5.4 Stability studies of MM in polyethylene bottles (500 ml) 
uncovered 
Previous experiments about the stability of MM in polyethylene 
bottles were done using higher concentrations of MM (27). Nor-
ma11y for water samp1ing purposes polyethy1ene bott1es ranging 
from 1 1 to 20 1 are used, particular1y for sea water and 
river water samp1ing etc. It was thought to be appropriate to 
see the stability of MM at 1ow levels in polyethylene bottles 
kept as such uncovered in the 1aboratory. 
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Without any additionl the decomposition of MM (fig. 34) 
appears be similar to that at higher concentration of MM 
(fig. 28) 1 but here the rate of decomposition appeared to be 
somewhat faster. However the disappearance of ionic mercury 
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Days --> 
41.2 ng/1 MM 
sa 60 
Fig. 34: Stability of MM in polyethylene bottles (500 rnl) 1 
kept as such in the Lab. 
In the presence of 1.0% NaCl (fig. 35) the decomposition of 
MM is nearly similar tothat without any addition (fig. 34). 
In the presence of 5.0 % NaCl MM is more stabilized (fig. 36). 
After a storage period of 50 days 86.6 % MM was present. The 
rate of disappearance of ionic rnercury was faster than the 
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Fig. 35: stability of MM in polyethylene bottles (500 ml), 




41.2 ng/1 MM+5.0 ~ NaCI 
a·t=~~~~~~=c~======~~~~~ 
0 10 20 30 40 50 60 70 
Days --> 
Fig. 36: Stability of MM in polyethylene bottles (500 ml), 
kept as such in the Lab. 
The behaviour of MM in the p~esence of 1.0% HCl was entirely 
different (fig. 37) from that at higher concentrations of MM 
in srnall polyethylene bottles (fig-29). Here MM decomposed 
rnuch rapidly, but there were very little losses of ionic rner-
cury. Thus the arnount of MM decreased and the amount of ionic 
mercury increased and total mercury remained nearly constant. 
Within 5 days nearly 50 % of MM decomposed and after 25 















41.2 ng/1 HH+1.0% HC1 
3B 4B SB 69 7B 
Days --> 
Fig. 37: Stability of MM in polyethylene bottles (500 ml), 
kept as such in the Lab. 
In the presence of 1.0% HN03 MM does not decompose so quickly, 
after a storage period of 49 days more than 65 % MM was still 
present. The rate of disappearance of ionic mercury from the 
solution was also much less as compared to in the presence of 
H2o only, HCl and NaCl. Here the rate of disappearance of ionic 
mercury is nearly equal to the rate of decomposition of MM 
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Days --> 
Fig. 3S: stability of MM in polyethylene bottles (500 ml), 
kept as such in the Lab. 
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5.5.5 Stability studies of MM in clear PTFE bottles (1 1) 
kept uneavered 
PTFE bottles are also frequently used for sarnpling and storage 
purposes. It appeared appropriate to do stability studies of 
MM in these bottles at low concentrations of MM. 
In the presence of water only the decornposition profile of MM 
(fig. 39) looked sirnilar to that in polyethylene bottles (fig. 
34) 1 but here the rate of loss of ionic rnercury produced is 
relatively low cornpared to polyethylene bottles and looks even 









20.6 ng/1 MM 
Hg 
Fig. 39: Decornposition studies of MM in PTFE bottles (clear) 
kept as such in the Lab. 
For 5.0 % NaCl (fig. 40) 1 MM is well stabilized and rnore than 
82 % MM was present after a storage period of 26 days. Here the 
behaviour is sirnilar to that in polyethylene (fig. 36) and in 
pyrex glass flasks (fig. 27) 1 which shows that 5.0 % NaCl has 
its own stabilizing effect irrespective of the container material. 
For 1.0% HCl MM is well stabilized (fJ..·g. 41) and after 26 days 
rnore than 83 % MM was avaJ..·lable. Here the behaviour is like 
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Fig. 40: Decomposition of MM in PTFE bottles (clear~, kept 
as such in the Lab. 
Hg 
20.6 ng/l MM+1.0 Y. HCl 
Fiq. 41: oecomposition of MM in PTFE bottles (clear), kept 
as such in the Lab. 
When 5.0 % HCl is added, the rate of decomposition of MM 
increases (fig. 42) and consequently the amount of ionic 
rnercury increases as well, but the total mercury remains 
nearly constant. Nearly a sirnilar behavior was observed for 
polyethylene bottles in the presence of 1.0% HCl (fig. 37). 
For PTFE bottles 1.0 % HCl has remarkably stabilized MM. 
It was observed, however, for srnall polyethylene bottles 
(figs. 29,30) that decomposition of MM increased with an 
increase in HCl concentration, although to a lesser extent 
44 
than here. Similar is the trend for pyrex glass flasks (figs. 
23,24) but the rate of decomposition remains very small. 
This shows that higher concentrations of HCl increase decompo-
sition of MM with different rates in different types of 
d ·t· rate increases significantly materials and this ecomposl lOn 
under the influence of light. 
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Fig. 42: Decomposition of MM in PTFE bottles (clear), kept 
such in the Lab. 
Addition of 1.0% HN03 also stabilized MM (fig-43). After a 
storage period of 26 days more than 68 % MM was still present. 
The Stabilization effect of 1.0% HN03 in polyethylne bottles 
(fig. 38) and glass flasks (fig. 25) is nearly the same but 
with different rates of decomposition for MM. 
In the presence of 5.0 % HN03 (fig. 44) at first MM decreased, 
then increased and again decreased. This is quite clear. The 
first decrease in MM is because it is difficult to decompose 
MM with UV-light in the presence of higher concentrations of 
HN0 3 , but on storage for a few days periods, more MM could be 
decomposed, but on long term storage, the MM decomposed more, 

























20.6 ng/1 Y. HN03 
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0 tontc 
!B 2B 3B 
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4B 
Fiq. 43: Cecomposition of MM in PTFE bottles (clear), kept 
as such in the Lab. 
Hö~ 
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SB 
a«;rT:~-, -~-~.S:.7'-,-,-~-,-.-,...:::~I-I_I_I_I_.ll :~. -1 -, -, -'1 :-. -1 -1 -, -1 = I I I ll Olnl l 1°1 IH~ I 1 I I I 1 1 1 
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Days --> 
Fiq. 44: Cecomposition of MM in PTFE bottles kept as such 
in the Lab. 
6. CONCLUSIONS 
No MM was decomposed in the reduction step with 10 % snc1 2 + 
20 % H2so4 for subsequent analysis by AAS. 
When NaCl and HCl both are added together at the concentrations 
commonly used for extraction of MM, they cause also decompo-
sition of MM. Nearly 40% of MM decompos~under these condi-
tions within one day in pyrex glass flasks covered with Al-foil. 
100 % MM decomposes within 4 hours in quartz glass flasks kept 
as such in the laboratory. 
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In the presence of chlorides UV-light decomposes MM very 
quickly. 
In the presence of alkali (NaOH) MM is not decomposed so quickly 
with UV-light. The rate of decomposition decreases with decrea-
sing NaOH concentration. 
Nearly all the acids investigated and different combinations of 
acids up to 25 % do not decompose MM even when allowed to stand 
for ~ 3 days. 
1 to 20 % HN03 in the presence of 3 % Nael does not decompose 
MM over a period of 40 days. 
Decomposition of MM with UV-light decreases with increasing 
HN0
3 
concentration and becomes difficult when the HN0 3 con-
centration is more than 25 %. 
Acids in the presence of H2o 2 decompose MM in the order HN03 ) 
H2so4 = Helo4 ) Hel. Keeping H2o 2 concentration constant and 
increasing acid concentrations does not increase decomposition 
of MM. With increasing H2o 2 concentration, decomposition of 
MM increases. Decomposition of MM takes place after the addi-
tion of acids ~ H2o 2 and does not increase if reaction time 
is prolonged. 
MM is not decomposed on heating at 80 °e for 2 1/2 hrs in the 
presence of 5 % acids. In the presence of 50 % HNo3 , 40 % HN0 3 
+ 10 % Helo 4 , heated at 200 °e under slight overpressure for 
1 hr less than 10 % MM is decomposed. In the presence of 100 % 
acids and heating at 200 °e for 1 hr complete decomposition 
of MM takes place. In the presence of 50 % acids when heated 
at 200 °e, the decomposition of MM increases with increasing 
heating time, but maximum decomposition is 25 % for 50 % HN0
3 
and 34 % is for 40 % HN03 + 10 % Helo4 . 
It is very difficult to decompose MM in the presence of cystein 
and becomes even difficult when cystein to chloride concentra-
tion ratios are low, which is mainly the case in environmental 
samples. 
Storage of MM with cystein and exposure to UV-light for langer 
times decreases the amount of decomposed ionic Hg to be ana-
lysed by eVAAS. 
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Our experiments have shown that in the presence of cystein 
and other reagents, MM is decomposed nearly completely by 
UV-irradiation, but most of the decomposed mercury from MM 
was not detectable by CVAAS, which suggests formation of some 
sulfides or other complexes which are not reduced by SnCl + 2 
H2so4 to elemental mercury. 
Stability and lasses of mercury were studied in the presence 
of some common reagents. For total lasses of mercury, the order 
is H2o only ) NaOH) HCl > NaCl) HN03 . For disappearance of 
mercury, the order is NaOH > H2o only)' HCl)' HN03) NaCl. For 
adsorption of mercury on the walls, the order is H20 only) 
Na Cl) HCl > NaOH) HN03 . 
In pyrex glass flasks, MM decomposes rapidly in the presence 
of H2o only and was stabilized reasonably in the presence 
of 1 % HCl, 10% HCl, 1.0% HN03 , 1.0% H2so4 and 3.0% NaCl. 
In polyethylene bottles ( 2 50 "ml) , MM decomposes very rapidly 
in the presence of H20 only, but was stabilized 
reasonably 
in the presence of 1.0 % HCl and 10.0 % HCl. No appreciable 
effect was observed when bottles were kept covered or as such 
in the laboratory. 
In polyethylene bottles (500 ml) at lower concentrations of MM, 
MM decomposes very rapidly in the presence of H20 only. MM 
also decomposes very rapidly in the presence of 1.0% NaCl 
and 1.0% HCl. However, 5.0% NaCl and 1.0% HN03 stabilized 
MM reasonably. 
In PTFE (clear) bottles at lower concentrations of MM, MM 
decomposes rapidly in the presence of H20 only. MM also de-
composed in the presence of 5.0 % HCl. But MM was stabilized 
reasonably in the presence of 1.0% HCl, 5.0% NaCl, 1.0% 
HN03 and 5.0 % HN03 
From these findings we recommended as preservatives for MM 
3.0 to 5.0% NaCl followed by 1.0% HN03 and 1.0 to 5.0% 
HCl. The containers should be protected from light which is 
of particular importance for HCl. 
48 
7. ACKNOWLEDGEMENT 
The authors acknowledge with gratitude valuable technical support 
by Mr. K. May, ICH-4 and the interest of Prof. Dr. H.W. Nürn-
berg (deceased) former director of the Institute of Applied 
Physical Chemistry. Thanks are also due to Dr. I.H. Qureshi, 
Director PINSTECH, Dr. H.W. Dürbeck, acting Director, Institute 
of Applied Physical Chemistry, KFA and Dr. Athar Hussain, 
Head Chemistry Division at PINSTECH, in planning und during 
the course of this work within the collaborative programme 
between KFA and PINSTECH. This work was carried out in the 
frame of the German-Pakistan agreement on scientific and 
technological co-operation and one of the authors (R.A.) 
acknowledges financial support from the Bundesministerium 




1. M.R. Greenwood, R. von Burg 
"Quecksilber" in: Ernest Merian, Herausg. 
Metalle in der Umwelt: Verteilung, Analytik und Biologische 
Relevanz, 511-539, Verlag Chemie, Weinheim, 1984. 
2. K. Anil Schrivastava et. al.; 
The determination of mercury: a mini review. 
Toxicol. Environ. Chem. 5(3-4), 311-29, 1982. 
3. W. Schreiber 
Mercury content of fishery products: Data from the last 
decade. 
The Sei. Tot. Environ. 31 (3), 283-300, 1983. 
4. H. Egan 
Trace mercury and methylmercury compounds in Fish 
Proc. Analyt. Div. Chem. Soc. Pages, 117-18, April, 1978. 
5. R. Ahrned 
Analytical Studies About Mercury in Environmental Samples: 
A major problern in marine ecochemistry 
Ph. D. Thesis, Quaid-i-Azam Univ. Islamabad, 1982. 
6. M. Stoeppler, F. Backhaus 
Pretreatment studies with Biological and Environrnental 
Materials. I. Systems for pressurized Multisample Decom-
position. 
Fresenius Z. Anal. Chem. 291, 116-120, 1978. 
7. U. Harms 
Radiochemische Untersuchungen über den Abbau von Monomethyl-
quecksilber mit Säure im Hinblick auf die Gesamt-Quecksilber-
bestimmung in Fischen. 
Z. Lebensm. Unters. Forsch. 162, 365-372, 1976. 
8. J. Yamamoto, Y. Kaneda, Y. Hikasa 
Picogram determination of methylmercury in sea water by 
gold amalgamation and atomic absorption spectrophotometry. 
Int. J. Environ. Anal. Chem., 16(1) 1-16, 1983. 
50 
9. K. May, R. Ahmed, K. Reisinger, B. Torres, M. Stoeppler 
studies on the biochemical cycle of mercury. II. Methyl-
mercury contents in specimens of the environmental spe-
cimen bank and other materials. in. T.D. Lekkas, Ed., 
Proc. Int. Conf. HeavyMetals in the Environment, Athens, 
Sept. 1985, Vol. 2, pp. 513-515, CEP Consultants, 
Edingburgh, 1985 
10. A.W. Marston, H.T. Wright 
A method for covalent insertion of mercuy into the cystein 
disulfide bridges of proteins. 
J. Biochem. Biophys. Methods, 9(4), 307-14, 1984. 
11. Y. Zuo, S. Pang 
Photochemical methylation of inorganic mercury in the 
presence of sulfhydryl compounds. 
Huanjing Kexue Xuebao, 5(2), 239-43, 1985. 
12. C. Ponnamperuma 
Investigation of mercury-amino acid complexes in the 
aqueous environment. 
NTIS, Govt. Rep. Announce, Index (U.S.), 84 (18), 38, 1984. 
Chemical Abstracts: 101 165098e, 1984 
13. D.R. Christman, J.D. Ingle Jr. 
Problems with sub-P.P.B. Mercury Determinations: Preser-
vation of standards and Prevention of water Mist Inter-
ferences. 
Analytical Chimica Acta, 86, 53-62, 1976. 
14. P. Avotins, E.A. Jenne 
The Time stability of dissolved mercury in water samples-II. 
Chemical Stabilization. 
J. Environ. Qual. 4(4), 515, 1975. 
15. R.M. Rosain, C.M. Wai 
The rate of loss of mercury from aqueous solution when 
stored in various containers. 
Analytica Chimica Acta, 65, 279, 1973. 
51 
16. H.R. Rook, J. Moody 
Stabilization and determination of nanogram quantities 
of mercury in water, 2nd. Int. Conf. on Nuclear Methods 
in Environmental Research, Columbia, Mo, July, 1974 
17. I. Sanemasa, T. Deguchi, K. Urata, J. Tomooka and H. Nagai 
The effect of Ammonium Thiocyanate and Sodium Chloride on 
Loss and Recovery of Mercury from Water during storage. 
Analytica Chimica Acta, 94, 421-27, 1977. 
18. Kenneth R. Olson 
Loss of carbon-14 and mercury-203 labelled methylmercury 
from various solutions. 
Anal. Chem., 49 (1), 23-6, 1977. 
19. M. Stoeppler, w. Matthes 
Storage behaviour of Inorganic Hg and Methylmercury 
chloride in sea water. 
Anal. Chim. Acta, 98 ( 2) , 389-92, 197 8. 
20. G. Compeau, R. Bartha 
Effect of sea salt anions on the formation and stability 
of methylmercury. 
Bull. Environ. Contam. Toxicol. 31 (4), 486-93, 1983. 
21. K. Reisinger, M. Stoeppler, H.W. Nürnberg 
On the Biological Methylation of Lead, Mercury and Me-
thylmercury and Arsenic in the Environment. 
Proc. Int. Conf. HeavyMetals in the Environment, 
Amsterdam, Sept. 1981, pp. 649-52, CEP Consul., 
Edingburgh 1981. 
22. B. Torres, K. Reisinger, M. Stoeppler, H.W. Nürnberg 
Methylmercury content in fish of the north sea, the 
mediterranean sea and some fresh water fish, in: G. 
Müller, Ed., Proc. Int. Conf. HeavyMetals in the En-
vironment, Sept. 1983, Heidelberg, Vol. 2, pp. 838-841, 
CEP Consultants, Edinburgh, 1983. 
52 
23. M. Stoeppler 
Atomic Absorption Spectrometry - a valuable tool for 
trace and ultratrace determination of metals and metal-
loids in biological materials. 
Spectrochim. Acta, 38B, 1559-1568, 1983. 
24. K. May, M. Stoeppler 
Sensitive CVAAS method using preconcentration on gold 
wool for extremely low mercury concentrations. 
Fresenius z. Anal. Chem., (in preparation). 
25. J.A. Rodriguez-Vazquez 
Gas-Chromatographie dtermination of organomercury (II) 
compounds: a mini review. 
Talanta, 25, 299-310, 1978. 
26. K. May, M. Stoeppler 
Pretreatment studies with biological and environmental 
materials, IV. Complete wet digestion in partly and com-
pletely closed quartz vessels for subsequent trace and 
ultra-trace mercury determinations. 
Fresenius Z. Anal. Chem. 317, 248-251 1984. 
27. K. May, R. Reisinger, R. Flucht, M. Stoeppler 
Radiochemische Untersuchungen zum Verhalten von 
Quecksilber und Methylquecksilberchloride in Süß-
und Meerwasser. 
Jahrbuch "Vom Wasser" 55, 63-76, 1980. 

